Can. Ent. 115: 877-883 (1983) Culex pipiens entered diapause in early July with more than 90% in diapause by midAugust. Onset of diapause in Culex restuans was in early July with greater than 80% in diapause by late July. The incidence of diapause in C. pipiens increased when larvae were reared at tow temperatures or high densities under similar photoperiod conditions. Diapausing adult females ofC. pipiens and C. restuans had ratios of follicle:germarium length of less than 2.00; 1.00. Ovarioles of recently emerged diapausing C. pipiens developed to the nondiapause stage in 3-4 weeks when held at 25C and a photoperiod of 16L:8D. Ovarioles of diapausing C. pipiens in the field did not develop to the nondiapause state before females left their overwintering sites in the spring.
Introduction
Studies of the population dynamics of Culex pipiens L. and Culex restuans Theo. in southern Ontario (Madder et al. 1980 (Madder et al. , 1983 showed that oviposition by these species attained maximum activity in June and July, which declined through August and September. This decline occurred during the period when human cases of St. Louis encephalitis were previously reported in the region (Mahdy et al. 1979 ). This was unexpected as C. pipiens and C. restuans are the suspected vectors of St. Louis encephalitis in southern Ontario ). An understanding of this decline in ovipositional activity was necessary to comprehend the epidemiology of St. Louis encephalitis in southern Ontario and provide information for design of control strategies for these species.
In temperate regions a decline in reproductive activity by Culex spp. in the autumn has been associated with the induction of diapause (Spielman and Wong l973a, b) . This study was designed to determine: (1) which criterion could be used to distinguish diapausing from nondiapausing females of C. pipiens and C. restuans in Ontario; (2) if the decline in reproductive activity was due to the induction of diapause; (3) the effects of photoperiod, larval density, and temperature on the induction of diapause in C. pipiens; (4) under which conditions diapause would be terminated in C. pipiens females. (Eldridge 1968; Eldridge et al. 1972 Eldridge et al. , 1976 Spielman and Wong 1973<3; Sanburg and Larsen 1973) were exposed to the same temperature and photoperiod regimes. Twenty-five females were removed from the cages and 2 weeks after emergence and dissected in dipteran saline (Rockstein 1974 The data from these experiments were confirmed by rearing larvae of C. pipiens and C. restuans in incubators. The methods used were those of experiment 1, except incubators were maintained at 25C and photoperiods were set to approximate the day length (based on civil twilight) when pupae were present in the 1979 field study. The day length associated with the pupal stage was chosen as this is the most photosensitive stage (Eldridge 1968; Eldridge et al. 1972 Eldridge et al. , 1976 . Fifty adults were dissected and ovaries measured and 2 weeks after completion of emergence.
Experiment 3. To determine the effect of temperature and larval density on diapause in C. pipiens, first-instar larvae were reared in 700 ml of tap water at densities of 50, 100, 250, and 500 larvae per 1-L container. Three containers were used at each density and the larvae were fed liver powder at a rate of 83 mg per container per day. This rate was chosen to allow competition for food to influence development at the two higher densities (Gerberg 1970) . The three containers of each density were placed in each of three incubators maintained at 20, 25, and 30C. Two photoperiods (14.5L:9.5D and 14.0L; 10.0D) were used in two separate trials. These photoperiods were chosen as they approximated the photoperiod that produced between 30% and 70% diapause in experiment 2. Pupae were re- The validity of the 2.00:1.00 ratio was verified by the ovariole ratios present in the 226 Culex spp. females collected in the Ehrenberg trap. All but three (1.3%) had ratios greater than 2.00:1.00. The females with unusually small ratios may be nondiapausing individuals as 1.1% of those raised in the laboratory under nondiapausing conditions had ratios less than 2.00:1.00. However, these females may be in diapause as some diapausing Culex spp. will take blood meals (Bailey et al. 1982; Eldridge and Bailey 1979; Mitchell 1981 ).
Experiment 2. Field studies showed that newly emerged adults of C. pipiens started to enter diapause in early July with greater than 90% in diapause by mid-August (Table I) . These data were supported by the laboratory studies in which the incidence of diapause was within 20% of that in the field at comparable photoperiods (Table II) . As a result of the induction of diapause in July and early August, a substantial proportion of the thirdgeneration adults of C. pipiens would not be reproductively active. This would result in a decline in ovipositional activity and a relatively small fourth generation. This was consistent with the oviposition data reported by Madder et al. (1980 Madder et al. ( , 1983 Wot determined.
40N). The differences may be due to differences in the rearing conditions of the larvae and pupae in the experiments or different geographical strains of C. pipiens. The incidence of diapause in C. restuans increased more rapidly than in C. pipiens (Table I) . Onset of diapause in early July was similar to that of C. pipiens although, by the end of July greater than 80% of C. restuans entered diapause as compared with approximately 50% for C. pipiens. These observations were supported by the laboratory studies in which the incidence of diapause in C. restuans was within 30% of that in the field at comparable photoperiods. These data showed that a substantial proportion of the adults that emerged from the second generation of C. pipiens entered diapause, and were not reproductively active. This would cause a decrease in the size of the third generation which is evident in the oviposition data reported by Madder et al. (1980 Madder et al. ( , 1983 .
The observations that the reproductively active proportion of the populations of C.
pipiens and C. restuans would decline from late July through August were confirmed by the adult trapping data (Fig. 1) (Magnarelli 1975) in 10 other cities in southern Ontario monitored from 1976 to 1978 ). The similarity in trends using each method was expected as females caught in CDC traps baited with CO; are in the same physiological state as those seeking a blood meal (Magnarelli 1975; Feldlaufer and Crans 1979) .
Experiment 3. In general, at each photoperiod as temperature increased and larval density decreased the incidence of diapause was reduced (Table III) . The density effect was less apparent at 14.0L:10.0D, 20C as 90% of the females were in diapause at the lowest density. Similarly the temperature effect was less apparent at the highest density.
Step- (Eldridge and Bailey 1979; Spielman and Wong 1973a,b) for 2 weeks after emergence and subsequently developed to the nondiapausing length of greater than 75 u. (Table IV) . Oda and Kuhlow (1976) 
Conclusions
(1) Nondiapausing C. pipiens and C. restuans had ratios of follicle to germarium length greater than 2.00:1.00 while diapausing females had ratios less than 2.00:1.00.
(2) The decline in reproductive activity of C. pipiens and C. restuans through August and September was due to induction of diapause during July and early August. (3) As temperature and photophase were reduced and larval density increased, the incidence of diapause in C. pipiens increased. (4) Warm temperatures were able to terminate diapause in C. pipiens in the laboratory, however, ovarioles of diapausing C. pipiens did not develop to the nondiapause state in natural overwintering sites by spring.
